The aim of the present study was to evaluate the effect of six EOs against Rhopalosiphum padi L. (Homoptera: Aphididae). This aphid is one of the most important cereal pests worldwide. EOs used in this study were from cumin (Cuminum cyminum L.; Apiaceae), hyssop (Hyssopus officinalis L.; Lamiaceae), costmary (Tanacetum balsamita L. syn. Chrysanthemum balsamita L. Baill; Asteraceae), lovage (Levisticum officinale W.D.J. Koch; Apiaceae), lavander (Lavandula angustifolia Mill; Lamiaceae) and thyme (Thymus vulgaris L.; Lamiaceae). Cultivar ORCF-10, a soft white winter wheat (Triticum aestivum L.) cultivar and barley (Hordeum vulgare L.) cv. 'Alba' were selected for the bioassays. Each EO was diluted with acetone (w/v) at different concentrations ranging from 0.1 % to 1.0 %. Number of R. padi landing on treated or untreated leaves was counted 24 h after the initial aphid transfer. In general, the repellency effect increased as the concentration of EOs increased regardless of treatments with the exception of lovage. Regardless of the substrate and treatment, lower numbers of aphids were observed on treated leaves at higher concentrations compared to the untreated control stressing the repellency effect. This study demonstrated that the EOs of cumin, hyssop, costmary, lavender, and thyme may have potential for aphids control. Since the early 1960s, pest management has focused on the use of synthetic chemical pesticides as a base for pest control. The judicious use of pesticide has been highly successful in controlling pests and increasing crop yields. However, overuse of pesticides has also led to serious problems such as development of pesticide resistance, pest outbreaks, and the occurrence of higher levels of pesticide residues in food and other agricultural commodities [1a]. Furthermore, environment issues, which include the non-target effect on beneficial insects such as honeybees and other pollinators, parasitoids, and predators, in addition to human risks, have further increased the complexity of the synthetic pesticide use problem [1b]. Increasing public concern has prompted the examination of alternative methods and more chemicals for insect pest control [1c]. Governments around the world are now implementing new policies intended to reduce the use of conventional synthetic pesticides [1b]. Despite considerable progress towards the development of alternative control methods such as insect growth regulators and "softer" chemistry including organic products, understanding the efficiency and nature of the control of "softer" products including bioproducts is not well understood. A number of recent phytochemical studies have been directed to identifying biocides of botanical origin that could potentially provide efficient pest control [1d].
Since the early 1960s, pest management has focused on the use of synthetic chemical pesticides as a base for pest control. The judicious use of pesticide has been highly successful in controlling pests and increasing crop yields. However, overuse of pesticides has also led to serious problems such as development of pesticide resistance, pest outbreaks, and the occurrence of higher levels of pesticide residues in food and other agricultural commodities [1a] . Furthermore, environment issues, which include the non-target effect on beneficial insects such as honeybees and other pollinators, parasitoids, and predators, in addition to human risks, have further increased the complexity of the synthetic pesticide use problem [1b] . Increasing public concern has prompted the examination of alternative methods and more chemicals for insect pest control [1c] . Governments around the world are now implementing new policies intended to reduce the use of conventional synthetic pesticides [1b] . Despite considerable progress towards the development of alternative control methods such as insect growth regulators and "softer" chemistry including organic products, understanding the efficiency and nature of the control of "softer" products including bioproducts is not well understood. A number of recent phytochemical studies have been directed to identifying biocides of botanical origin that could potentially provide efficient pest control . This insect is traditionally controlled with insecticide at planting with one or two foliar applications (Rondon personal communication). New alternatives are needed to complement current pest management programs. Thus, the aim of the present study was to evaluate the effect of six essential oils against R. padi on wheat, and barley, both species from the Order Poales, family Poaceae. Table 1 shows the EO's repellency effect against R. padi using wheat and barley as substrates. In general, the repellency effect increased as the concentration of EOs increased. The cumin treatment had a repellent effect at concentrations of 0.25% or higher (p=0.5) using wheat and barley as substrates; similar observations were made using the lavander and thyme treatments; although the thyme treatment was also significant at 0.1% concentration using barley. The lovage treatment was the most inconsistent one (Table  1) . To our knowledge, this is the first time that these EOs were tested against R. padi. In earlier studies [2e, 2f], EO's from P. marginatum, M. pulegium were tested as well as pure standard components from pulegone, thujone and thymol against other insects. The EOs effect on number of R. padi presence on wheat and barley leaves at various concentrations are shown in Table 2 and 3, respectively. In wheat, the highest number of aphids (6.1 aphids per plant) was found at 0.1% cumin oil treatment, while the lowest number of aphids (3.2 aphids per plant) was found in the thyme oil treatment. At 0.25% concentration, the costmary treatment presented the highest number of aphids (4.3) while the lowest was found on the thyme treatment (1.5). At 0.5% concentration, the lovage treatment presented the highest number of aphids (4.0) while the cumin treatment presented the lowest (0.3). At 0.75% concentration, the lavander treatment presented the highest number of aphids (2.3) while the cumin treatment presented the lowest; and at 1% concentration, the lovage treatment presented the highest number of aphids (2.2) while cumin presented the lowest (0.3 aphids per plant) ( Table 2) . Number of aphids in all treatments using wheat as substrate is shown in Figure 1 .
At high concentration, the cumin treatment showed a high effect on aphid numbers compared to low concentration; similar was at 0.25 concentrations, the lovage treatment had the highest number of aphids (2.0), while the lowest was found in the thyme treatment (0.0). At 0.5% concentration, the lovage treatment had the highest number of aphids (1.7), while the hyssop and thyme treatments had the lowest (0.1). At 0.75 concentrations, the lavander treatment had the highest number of aphids (0.9), while the costmary and thyme treatments the lowest (0.1). At 1.0 concentration level, the lovage treatment presented the highest (1.1) while the cumin and thyme treatments presented the lowest (0.1 aphids per plant) ( Table 3) . Low concentrations (0.1%) of the cumin, hyssop, and costmary treatments were numerically different than the other concentration treatments (Figure 2 ) when using barley as substrate. There were not a define difference between the lovage and lavander treatments. The thyme treatment showed no differences in the mean number of aphids regardless of concentration treatment (Figure 2 ). Regardless of the substrate, lower numbers of aphids were observed on treated leaves at higher concentration. Researchers [2e] tested settling inhibition of R. padi after application of EO from P. marginatum. In the latter study, the plant material of P. marginatum came from two regions in Colombia (Turbaco and Acandí counties) and H. vulgare was used as substrate. Using one single concentration (10 µg/cm 2 ), researchers [2f] noted more than 9 % of Essential oils as bio pesticides Natural Product Communications Vol. 12 (9) 2017 1519 aphid settling on treated leaves. Our findings, using six different EOs from cumin, hyssop, costmary, lovage, lavander and thyme at low concentration favored aphid settling from 28 -6% while higher concentrations favored 1 -11 % settling behavior.
The dose response related to aphid incidence using wheat and barley is presented in Figure 3 . In general, in all treatments, as concentration increased, the number of aphids per leaf decreased. In the cumin treatment, the number of aphids per leaf sharply decreased as concentration of cumin increased in wheat and barley (Figure 3a ). In the hyssop treatment, the number of aphids per leaf decreased as concentration of the derivate of hyssop increased in both substrates (Figure 3b ). In the costmary treatment, the number of aphids per leaf decreased after the application of the third concentration (0.5 %) in wheat and sharply decreased as concentration of the derivate of costmary increased in barley (Figure 3c ). In the lovage treatment, the number of aphids per leaf decreased slowly as concentration of the EO of lovage increased (Figure 3d ).
In lavander treatment, the number of of aphids per leaf evenly decreased as concentration of lavander increased in wheat and barley ( Figure 3e ). In the thyme treatment, the number of aphids per leaf sharply decreased as concentration of the derivate of thyme increased in wheat and barley ( Figure 3f ). Aphids use visual and chemical cues to orientate towards potential host plants and to discriminate between host and non-host plants [3a] . After an insect lands on a plant, surface characteristics, such as trichome exudates, epicuticular waxes and topology further influence the choice that aphids made [3b]. However, the decision to accept or reject a plant is not only based on plant characteristics because the plant on which the aphid developed may also play a role [3c, 3d] . In this study we used a combination of wheat and barley as substrate for the aphid colony. Since aphid populations produce alates only after several generations of apterae when the colony is larger than the plant can sustain [3e], presence of aphids in a single host can cause aphids to become adapted to the plant species, and they may therefore prefer the same plant species rather than move on other species within their host range [3d]. This ecological behavior has enormous implications for pest control and may explain why in some cases the inconsistency of insect-host selection is observed. This study tested different EOs for their repellent or "antifeeding" activity. Diluted EOs were active and their effect was significant in 0.5 -1.0 % concentrations. Further research is needed to elucidate the effect of various individual compounds of EOs. The high potential of the EOs as environmentally friendly natural products suggest them use as an alternative or in addition to synthetic pesticide in crop production. EOs can play an important role in crop protection and have been proposed as an environmentally friendly alternative to synthetic pesticides; therefore, new EO-based bio pesticides could be developed with some of the EOs.
Experimental
Essential oils: Essential oils used in this study were provided by Dr. V. D. Zheljazkov's program and were from the following plant species: cumin, hyssop, costmary, lovage, lavender, and thyme. Chemical profile of each plant EO representing three different plant families were previously described [1j, 4a, 4b, 4c] . Plants were watered three times per week at a rate of 0.25/l. New plants were added twice per month and aphids from "old" plants were allowed to move to "new" plants before "old" plants were discarded. Aphids from colonies were used in all the experiments. The colony was regularly inspected for the presence of unwanted aphid species or parasitoid which were immediately removed.
Plant Material: Plant material was grown in a greenhouse at the CBARC. The greenhouse was set at a 24.4 o C, 75% RH, and D/L 16:8. Cultivar ORCF-10, a soft white winter wheat cultivar and barley cv. 'Alba' were selected for the bioassays. The two cultivars were selected because they are commonly grown in the Pacific Northwest region. Twenty seeds of wheat were seeded into plastic containers (C250, SP #5); each container was filled with Sunshine mix #4 with Mycorrhizae (Sun Gro Horticulture, USA), which contained a high amount of horticultural perlite, Canadian sphagnum peat moss, dolomite lime, low phosphorus fertilizer, proprietary blend of endomycorrhizae, and a wetting agent. Wheat plants emerged 3 wks after planting; once the plants reached the Feekes 5 stage (Zadocks 30), leaves were carefully removed and used in the experiments. Similarly, barley was planted following similar procedures described above; leaves were harvested at Keekes 4 stage (Zadocks 26-29).
Bioassays: Each of the six EOs was diluted with acetone (w/v) at different concentrations: vol (%) 0.1 %, 0.25 %, 0.5 %, 0.75 % and 1.0 % in 100 ml beakers. Plastic Petri dishes (100 mm X 20 mm Sigma-Aldrich) were modified for the experiment: a hole (80 mm x 16 mm) was drilled on the lid and covered with a fine net (64 threads per inch) to allow fresh air moving into the dish. Following protocol [4d], each modified plastic Petri dish was filled with agar (20 mL); after agar was set, and two fresh leaves 2 cm apart per Petri dish were placed; one leaf was treated with 10 μL of a single EO concentration while the second leaf was untreated (control). The applications were made by using a 100 ml pipette (Sigma-Aldrich, St Louis, MO). Once the EO dried out, approximately 10 seconds later, 10 wingless aphids were transferred from the colony to the Petri dish by using a fine camel brush. After the aphids were transferred, the dish was immediately covered with the lid. Ten replications per each EO concentration per crop were tested. Treatments were transferred into a chamber room at 21±2°C and D: L10/14 h. The number of R. padi landing on treated or untreated leaves was counted 24 h after the initial aphid transfer. Absence of aphids in treated leaves was considered a ˝repellency˝ effect (repellence=oriented movement away from a stimulus).
Data analysis:
The statistical software STATISTICA 12 was used for the data analysis. Data were subjected to a student t-test for determination comparison of each individual treatment (treated leaves versus control). Significance was tested at P<0.05, P<0.01, P˂0.001. Data were normalized and checked for outliers. Box and whisker diagrams were constructed to show the standardized way of means distributions [4e, 4f] .
